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EM signal in GW170817
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e Lorentz factor > a few
* Ex~1047 erg
* wide-angle ~ 209°
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e Subrelativistic ~ 0.1c
* M~ 0.05Mgsun Ek ~ 10°1 erg




VAN Afterglow
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e Lorentz factor > a few
* Ex~1047 erg
* wide-angle ~ 209°




Outline

* Kilonova (GW170817 and future)
» Afterglow (detais by Poonam)
« Gamma-ray burst (details by Varun)

 High-energy Neutrino



Radioactive heat => Photon Luminosity

Expanding Ejecta: 0.01Msun, 0.1C¢ = oy 54 51s are blocked by atomic transitions

R-process

10 cm? /g




Kilonova in GW170817
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~iis, Radioactive heat

N7 1) The light curve follows

the radioactive heating rate.
=> r-process production
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2) The peak time is < 0.5 day.
=> low opacity.
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Emergent

— pdecay: 0.05M, luminosity 3) The light curve approach
A Spitzer (Av-L,) L the heating rate ~ 10 day

¢ Waxmanetal. 18 => high opacity.
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KH & Nakar in prep.



Spectral Evolution

Black Body spectrum ~ 1 day.
Some broad features later.

More emission in the near infrared.
=> suggests heavy elements.
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Atomic Opacity

Tanaka+19
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Different channels

Likely for GW170817

prompt BH formation <«—m >

m<M

max,spin

hydrodynamics / ¥

m, = m, m, = m, vis¢ous evolution

BH+tine disk BH-+disk BH-+disk SMNS+disk

viscous evolution of disk *
disk mattet infall/outflow
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spin down cool down

Isolated BH collapse

Higher total mass,

We may see variation in the kilonova emission of future merger events.




The kilonova signal suggests hypermassive neutron star formation leading to constraints on NS EoS.
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GW + Kilonova => NS EOS
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Question: Why black body?
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Strong atomic absorption is expected to modifies
the BB spectrum even at very early times.




Question: Why light curve is so smooth?
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Two component models (low & high opacities) generally predict a
bump in the light curve but we didn’t see it in GW170817.




Question: Different channels make difference?

prompt BH formation «—m > M Q:° m<M , — MNS formation
N S N S / Nj\ﬁax,spin
- Merger
/\ . HMNS . SMNS

/ hydrodynamics / ¥
m, = m, m, # m, viscous evolution

BH-+tine disk BH+disk BH+disk SMNS+disk

viscous evolution of disk *
disk matter infall/outflow
@ -

cool down

spin down
Isolated BH collapse
Higher total mass, m

BH-NS

neutron star plunges b tidal disruption of neutron star
1nto blaCkA}V \

Merger BH + disk
Isolated BH or

BH + tine disk viscous evolution of disk /

\ disk matter infall/outflow
e - —ale »

Isolated BH disk expands/mass ¢jection

It will be very helpful for astronomers to know masses.




Toward identifying heavy
elements in kilonova signal



a-decay and fission
Wu+18, Zhu+18

a-decay (A=222-225) Fission (A>250)
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Radioactivity of very heavy nuclei may be seen as an
excess In the late light curve.




Nebular emission (heodymium Kkilonova)
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KH + In prep.

Late-time emission Is composed of emission lines.
JWST will easily see the spectrum at 100 Mpc.



Nuclear y-ray emission

GW1 7081 7 (NuStar limit), Evans..KH+17
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STAR upper limits (Epoch 2)

uSTAR upper limits (Epoch 3+4+5)

uuuuu Ilne emission (56d M,;=0.05 M)

ar line emission (5 d M 003M )

ar line emission (21 d M 005M )

ar line emission (21 d M 003M )
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Detecting these lines would be an ultimate proof of the production
of r-process nuclel in mergers but it is extremely difficult.




A jet in GW170817

15°-25°
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GW + light curve + VLBI => HO
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The jet modeling is needed to be refined in future.




Near Future: afterglow of kilonova remnant
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Difficulty of a simple off-axis model

GRB 170817A
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Matsumoto, Nakar, Piran 18



High-energy Neutrinos

Kimura et al 18

.
/Collimated\
jet
?? T a collimation
P

Internal
shock

Number of detected neutrinos from single event at 40 Mpc
model IceCube (up+hor) IceCube (down) Gen2 (up+hor)

A 2.0 0.16 8.7
B 0.11 7.0x1073 0.46

e y-rays are hidden.
* Does particle acceleration really occur inside the ejecta?



Caveats

Heating rate different abundances. Opacity from two different codes.
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 Heating rate depends on the abundance pattern.
 Different atomic codes result in different opacities.




Radioactivity and mass estimate
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KH & Nakar in prep.
This estimate is insensitive to the opacity and geometry.




